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/V0 Q" 500 6 6, fli e d 0 n February 17, 2000, in Japan, and which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optical transmission line including positive 
and negative dispersion fibers, and repair of such a transmission line. 

2. Description of the Related Art 

Fig. 1 is a diagram illustrating a typical configuration of a wavelength division 
multiplexing optical amplification relay transmission system. 

Referring now to Fig. 1, the WDM transmission optical system is typically 
made up of, for example, an optical send station (OS) 1, an optical receive station (OR) 
2, optical fiber transmission lines 3 for connecting the sending and receiving stations, 
and several optical amplifiers 4 set up at the required intervals along the optical fiber 
transmission lines 3. 

The optical send station 1 includes several optical transmitters (E/O) 1A for 
outputting many optical signals of differing wavelengths, a wavelength- multiplexer 
device IB for multiplexing the many optical signals into a WDM signal light, and a 
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post amp 1C for amplifying the WDM signal light from the wavelength multiplexer 
device IB to the required level and outputting the WDM signal light to the optical 
transmission lines 3. 

The optical fiber transmission lines 3 contain many relay divisions for 
connecting to optical send stations 1 and optical receive stations 2. 

The optical amplifier 4, mounted in the transmission line, optically amplifies the 
WDM signal light and sends it to the optical receive station 2. 

The optical receive station 2 includes a pre-amp 2C for amplifying to the WDM 
signal light of each of the wavelength bands transmitted by the optical fiber 
transmission line 3 to a required level, a wavelength demultiplexer 2B for dividing up 
the optical output from the pre-amp 2C into many optical signals according to the 
wavelength, and several optical receive stations (O/E) 2A for processing the many 
optical signals as they are received. 

Fig. 2 is a diagram illustrating traditional transmission line repair. 

Referring now to Fig. 2, an example of the transmission line repair when the 
optical fiber transmission line 3 in a relay section between two optical amplifiers 4 
being cut off is shown. A transmission system of this type of configuration is used, for 
example, in an optical submarine cable system. 

After removing the portion of the cable taking in water and connecting up both 
ends of the cut cable, a new optical submarine cable is inserted and is longer than the 
originally installed cable due to the connection being made on board a ship. The length 
of the new cable is determined by the depth of the water and must be at least twice the 
depth of water. The inserted cable is a fiber cable which is similar to the cable used as 
the optical fiber transmission line 3. There may be times when the many relay sections, 
created where the optical amplifiers split the cable between the optical send and the 
optical receive stations, use several different types of fiber. In this case, the inserted 
cable for repair in the transmission line uses a plurality of transmission lines having 
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different dispersion values, respectively. The lengths of the transmission lines having 
the different dispersion values are adjusted and the overall dispersion value of the 
inserted cable is essentially zero. This allows for a reduction in misalignment caused 
by accumulated dispersion since the time the transmission system was originally 
installed. 

Assume, for example, a non-zero dispersion shifted fiber (NZ-DSF) has a 
chromatic dispersion of -2 ps/nm/km and nine transmission sections are used. In 
addition, a 1.3^m zero dispersion fiber (Single Mode Fiber (SMF)) has an optical 
dispersion of + 18 ps/nm/km and one transmission section is used. The ratio of NZ- 
DSF and SMF would be adjusted to 9: 1. In this way, cables having a dispersion value 
of essentially zero could be inserted which would allow for a reduction in the 
accumulated dispersion that accompany the inserted cables when the WDM optical 
transmission system is first installed. 

Optical submarine cable systems are broken into the following three principal 
groups: shoreline, shallow ocean, and deep sea. 

Fig. 3 is a diagram illustrating the types of sections of a submarine cable. 

Referring now to Fig. 3, the shoreline section is the relay section that runs from 
the optical send station 1 to a first optical amplifier 4-1. Also, the shoreline section 
runs from a first optical amplifier 4-17 to the optical receive station 2. The shallow 
ocean section is the relay section in which optical amplifiers 4-2 through 4-6 are 
arranged in water up to approximately 1000m deep. The deep sea section is the relay 
section is arranged from optical amplifiers 4-7 through 4-15 in water approximately 
1000m deep or deeper. 

The frequency of repairs in each of the respective sections varies. Also, the 
deeper the water, the less frequent the repairs and a longer repair cable is needed. 

Traditionally, the fiber used in shallow ocean, deep sea, and shoreline sections 
were of the same type. The submarine cable used in the respective sections were of 
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different types of cables (i.e., the shoreline section of submarine cable was stronger 
than the shallow section of submarine cable, which was stronger than deep section of 
the submarine cable). 

In a long distance, large capacity wavelength division multiplexing transmission 
5 system, the use of fiber having a large average mode field diameter and a small 

difference in accumulated chromatic dispersion between wavelengths is advantageous 
due to the reduced non-linear effect. 

The transmission line uses a positive dispersion fiber (+D fiber) having a 
positive dispersion value in response to optical signal wavelengths transmitted over the 

10 first half of the relay section transmission line where the mode field diameter is large. 

O 

Also, the transmission line uses a negative dispersion fiber (-D fiber) having a negative 
^ dispersion value in response to optical signal wavelengths where the chromatic 

W" dispersion and the chromatic dispersion slope from the first half of the fiber are 

K IT* 

fy compensated and the mode field diameter in the second half of the transmission line is 

15" small. 

S3 

^ Fig. 4 is a diagram illustrating a typical configuration of a wavelength division 

i ^ 

jk multiplexing transmission system using positive dispersion and negative dispersion. 

q Referring now to Fig. 4, the WDM transmission optical system is made up of, 

^ for example, the optical send station (OS) 1, the optical receive station (OR) 2, the 

20 optical fiber transmission line 3 for connecting the optical sending and receiving 

stations, and several optical amplifiers 4 placed at the required intervals along the 
optical fiber transmission line 3. 

The optical send station 1 and the optical receive station 2 are configured in the 
same way as in Fig. 1. 

25 The optical fiber transmission line 3 contains several relay sections connecting 

the optical send station 1, each of the optical amplifiers 4, and the optical receive 
station 2. Each of the relay sections uses a hybrid transmission line configured as 
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follows: The first half (sending side) uses the 1.3jum zero dispersion SMF 3a, having a 
positive chromatic dispersion value and a positive dispersion slope, in the wavelength 
band of the WDM signal light. The second half uses the dispersion compensating fiber 
3b having a negative chromatic dispersion value and a negative dispersion slope in the 
wavelength band of the WDM signal light. 

In this example, the average chromatic dispersion in the sections of the hybrid 
transmission line made up of the positive dispersion fiber 3a and the negative dispersion 
fiber 3b, are set up as approximately -2 ps/nm/km. The accumulated chromatic 
dispersion is compensated by installing section (a) and (b) of Fig. 4 with only the 
positive dispersion fiber 3a. 

Fig. 5 is a diagram illustrating a typical dispersion map of a wavelength division 
multiplexing transmission system. 

Referring now to Fig. 5, the characteristics in the diagram are shown for the 
multiplexing of 34-wave optical signals with a optical signal channel interval of 50 
GHz. In the diagram, NZ-DSF is used as the transmission line. A triangle represents 
channel 34, a black square represents channel 17, and a circle represents channel 1. 
Characteristics without a mark used the positive dispersion and negative dispersion 
fiber as the transmission line as in Fig. 4. Transmission lines that used positive 
dispersion and negative dispersion fiber had a smaller average dispersion slope. Thus, 
their accumulated dispersion following transmission was smaller and transmission 
waveform distortion was reduced. 

The following problems are encountered when repairing optical lines with +D/- 
D fiber. 

(1) Transmission waveform distortion caused by dispersion management and 
the accumulative dispersion amount. 

Table 1 shows the chromatic dispersion values of the conventional transmission 
line NZ-DSF as well as those of positive dispersion fiber and negative dispersion fiber. 
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Table 1 



Transmission Line Fi 


ber Chromatic Dispersion Value 


Fiber 


Positive Dispersion 
Fiber 


Negative 
Dispersion Fiber 


NZ DSF 
(Traditional) 


Chromatic 
Dispersion Amount 
(ps/nm/km) 


Approximately +20 


Approximately 
-20 ~ -90 


Approximately -2 



The absolute value of the chromatic dispersion amount per unit of length of 
positive dispersion and negative dispersion fiber are both very significant and are more 
than the traditional transmission line NZ-DSF by a factor of 1. For this reason, when 
making transmission line repairs using transmission lines made up of systems like the 
traditional ones in transmission systems using positive dispersion and negative 
dispersion fiber, a great deal is lost in the dispersion management of such systems and 
the accumulative dispersion amount following transmission changes significantly. This 
causes a large increase in waveform distortion and the transmission characteristics 
degrade. 

(2) Increases Connection Losses 

Table 2 shows the mode field diameter of positive dispersion fiber, negative 
dispersion fiber, NZ-DSF, and SMF. 
Table 2 

Mode Field Diameter for Each Transmission Line Fiber 



Fiber 


Positive 

Dispersion 

Fiber 


Negative 

Dispersion 

Fiber 


NZ-DSF 


SMF 


Mode Field 
Diameter (jtxm 2 ) 


Approximately 
10 ~ 12 


Approximately 
4-6 


Approximately 
7-8 


Approximately 
10 - 12 



The difference between the mode field diameters of the positive dispersion and 
negative dispersion fiber is larger than the differences between the mode field diameters 
of the SMF and NZ-DSF used in traditional transmission systems. Thus, the 
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connection loss of the transmission line fiber is also larger. This effect becomes 
marked when the frequency of repairs is high or when the relay section is short. 

(3) Excessive Increase in the Non-Linear Effect in the Negative Dispersion 

Fiber 

When reducing the chromatic dispersion effect using a combination of positive 
dispersion and negative dispersion fiber and when trouble occurs in the first half of the 
relay section, the effect of the non-linear effect that occurs in the negative dispersion 
fiber making up the inserted cable causes the waveform distortion to have a 
considerable effect on the transmission characteristics. Therefore, light power of 
sending signals are high power. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide an optical 
communication system in which a transmission line is configured using positive 
dispersion fiber and negative dispersion fiber. 

Objects of the present invention are achieved by providing a method for 
repairing a transmission line having a section which includes a first fiber having a 
positive dispersion with respect to wavelength transmitted through the section and a 
second fiber having a negative dispersion with respect to wavelength transmitted 
through the section. The method includes inserting a third fiber in the section, wherein 
the third fiber has an absolute value of dispersion per unit of length smaller than the 
absolute value of dispersion per unit of length of the first and second fibers. 

Objects of the present invention are also achieved by providing an optical 
communication system which includes a method for repairing a transmission line having 
a section which includes a first fiber having a positive dispersion with respect to 
wavelength transmitted through the section and a second fiber having a negative 
dispersion with respect to wavelength transmitted through the section, a trouble 
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occurring in the first fiber to thereby divide the first fiber into a first portion and a 
second portion. The method includes inserting a third fiber in the section between the 
first and second portions to repair the trouble, wherein the third fiber has an absolute 
value of dispersion smaller than the absolute value dispersion per unit of length of the 
first fiber and the second fiber. 

Objects of the present invention are further achieved by providing an optical 
communication system which includes a method for repairing a transmission line having 
a section which includes a first fiber having a positive dispersion with respect to 
wavelength transmitted through the section and a second fiber having a negative 
dispersion with respect to wavelength transmitted through the section, a trouble 
occurring in the second fiber to thereby divide the second fiber into a first portion and a 
second portion. The method includes inserting a third fiber in the section between the 
first and second portions to repair the trouble, wherein the third fiber has an absolute 
value of dispersion per unit of length smaller than the absolute value of dispersion per 
unit of length of the first fiber and the second fiber. 

Objects of the present invention are achieved by providing an optical 
communication system which includes a transmission line having first and second 
repeaters arranged along the transmission line with no other repeaters between the first 
and second repeaters and a section of the transmission line being defined as the portion 
of the transmission line between the first and second repeaters. The section includes a 
first fiber having a positive dispersion with respect to wavelength transmitted through 
the section and a second fiber having a negative dispersion with respect to wavelength 
transmitted through the section, wherein a third section inserted in the section to repair 
the section has an absolute value of dispersion per unit of length smaller than the 
absolute value of dispersion per unit of length of the first and the second fibers. 

Objects of the present invention are achieved by providing an optical 
communication system which includes a transmission line having first and second ends 
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and a plurality of sections between the first and second ends so that light travels from 
the first end, through each of the sections, and then to the second end. At least some 
sections of the plurality of sections each include a first fiber having a positive 
dispersion with respect to wavelength transmitted through the section and a second fiber 
having a negative dispersion with respect to wavelength transmitted through the section. 
A respective section of the plurality of sections, and not being a section of said at least 
some sections, being formed of an optical fiber having an absolute value of dispersion 
per unit of length smaller than the absolute value of dispersion per unit of length of the 
first and the second fibers. Said respective section having, arranged along the section, 
at least one of the group including: (a) a device for splitting light traveling through the 
section, (b) a device for inserting light into the section, (c) a gain equalizer, and (d) a 
dispersion compensator. 

Objects of the present invention are achieved by providing an optical 
communication system which includes a section of a transmission line having repeaters 
arranged along the transmission line. The section includes a first fiber having a 
positive dispersion with respect to wavelength transmitted through the section and a 
second fiber having a negative dispersion with respect to wavelength transmitted 
through the section. At least one fiber other than the first and second fiber has an 
absolute value of dispersion per unit of length smaller than the absolute value of 
dispersion per unit of length of the first and second fibers. 

Objects of the present invention are achieved by providing an optical 
communication system which includes a transmission line having a first section and a 
second section divided by repeaters arranged along the transmission line, wherein the 
first section includes a first fiber having a positive dispersion with respect to 
wavelength transmitted through the section and a second fiber having a negative 
dispersion with respect to wavelength transmitted through the section. The second 
section includes a fiber other than the first and second fiber. The fiber has an absolute 
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value of dispersion per unit of length smaller than the absolute value of dispersion per 
unit of length of the first and second fibers. 

Additional objects and advantages of the invention will be set forth in part in the 
description which follows, and, in part, will be obvious from the description, or may be 
learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying drawings of which: 

Fig. 1 (prior art) is a diagram illustrating a typical configuration of a wavelength 
division multiplexing transmission system. 

Fig. 2 (prior art) is a diagram illustrating traditional transmission line repair. 

Fig. 3 (prior art) is a diagram illustrating the types of sections of a submarine 

cable. 

Fig. 4 (prior art) is a diagram illustrating a typical configuration of a wavelength 
division multiplexing transmission system using positive dispersion and negative 
dispersion. 

Fig. 5 is a diagram illustrating a typical dispersion map of a wavelength division 
multiplexing transmission system. 

Figs. 6 (A), 6 (B), and 6 (C) are diagrams illustrating transmission line repair, 
according to an embodiment of the present invention. 

Fig. 7 is a diagram illustrating of a wavelength division multiplexing 
transmission system, according to an embodiment of the present invention. 

Fig. 8 is a diagram illustrating of a wavelength division multiplexing 
transmission system, according to an embodiment of the present invention. 

Fig. 9 is a diagram illustrating of a wavelength division multiplexing 
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transmission system, according to an embodiment of the present invention. 

Fig. 10 is a diagram illustrating of a wavelength division multiplexing 
transmission system, according to an embodiment of the present invention. 

Fig. 11 is a diagram illustrating of a wavelength division multiplexing 
transmission system, according to an embodiment of the present invention. 

Figs. 12 (A), 12 (B), 12 (C), and 12 (D) are diagrams illustrating a 
configuration of devices, according to an embodiment of the present invention. 

Fig. 13 is a diagram illustrating a configuration of a wavelength division 
multiplexing transmission system where a lumped dispersion compensator has been 
installed in the send station and the receive station, according to an embodiment of the 
present invention. 

Fig. 14 is a diagram illustrating a configuration of a wavelength division 
multiplexing transmission system where a variable dispersion compensator has been 
installed in the transmission section, according to an embodiment of the present 
invention. 

Fig. 15 is a diagram illustrating a configuration of a variable dispersion 
compensator, according to an embodiment of the present invention, according to an 
embodiment of the present invention. 

Fig. 16 (A) and 16 (B) are diagrams illustrating transmission line repair in a 
wavelength division multiplexing transmission system, according to an embodiment of 
the present invention. 

Fig. 17 (A) and 17 (B) are diagrams illustrating transmission line repair in a 
wavelength division multiplexing transmission system, according to an embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present preferred embodiments of 
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the present invention, examples of which are illustrated in the accompanying drawings, 
wherein like reference numerals to like elements throughout. 

A wavelength division multiplexing transmission system uses a positive 
dispersion and a negative dispersion fiber in which a multiplexed optical wavelength is 
transmitted. The fiber used to repair the transmission line has a zero dispersion value 
on the short- wavelength side or the long- wavelength side adjoining the multiplexed 
optical signal band transmitted. 

Figs. 6 (A), 6 (B), and 6 (C) are diagrams illustrating transmission line repair, 
according to an embodiment of the present invention. Figs. 6 (A), 6 (B), and 6 (C) 
show, for example, a relay section where NZ-DSF is a transmission line with a smaller 
dispersion absolute value than the positive dispersion fiber and the negative dispersion 
fiber. Here, the optical signal wavelength is transmitted by the multi-channel (i.e. 32- 
channel) optical signal station 1 between 1.530/im and L610/xm. The optical fiber 3 
making up the transmission line have the dispersion values, for example, as shown in 
Table 1 above, that relate to the optical signal wavelength transmitted by the optical 
send station 1 . 

Referring now to Fig. 6 (A), a diagram illustrating a trouble in the positive 
dispersion fiber in the front section of a relay section made up of positive dispersion 
fiber and negative dispersion fiber is shown. A "trouble" is defined, for example, as a 
break in the transmission line, or any other problem which blocks light from being 
transmitted through the transmission lines and thereby requires a portion of the 
transmission line to be repaired or replaced. 

Here, for example, the positive dispersion fiber 3a (as shown in Fig. 4) in the 
front section of the relay section is split into a positive dispersion fiber 3a! and a 
positive dispersion fiber 3a 2 . 

The WDM signal light is amplified to the required level in the optical amplifier 
4 and, after traveling through the positive dispersion fiber 3a! , passes through NZ-DSF 
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3c which is inserted because of the repair. 

Afterwards, the WDM signal light is transmitted across the positive dispersion 
fiber 3a 2 and the negative dispersion fiber 3b, and enters the next optical amplifier 4. 

Referring now to Fig. 6 (B), a diagram illustrating a trouble in the vicinity of 
the positive dispersion fiber 3a and negative dispersion fiber 3b of a relay section of the 
hybrid transmission line is shown. The relay section is composed of the positive 
dispersion fiber 3a and the negative dispersion fiber 3b. 

The WDM signal light is amplified to the required level in the optical amplifier 
4 and, after traveling through the positive dispersion fiber 3a, it passes through NZ- 
DSF 3c inserted because of the repair. 

Afterwards, the WDM signal light is transmitted through the negative dispersion 
fiber 3b and enters another optical amplifier 4. 

Referring now to Fig. 6 (C), a diagram illustrating a trouble in the negative 
dispersion fiber of a relay section made up of the positive dispersion fiber and the 
negative dispersion fiber is shown. Here, for example, the negative dispersion fiber 3b 
(as shown in Fig. 4) of the relay section is split into a negative dispersion fiber 3bj and 
a negative dispersion fiber 3b 2 . 

The WDM signal light is amplified to the required level in the optical amplifier 
4 and, after traveling through the positive dispersion fiber 3a, it passes through the 
negative dispersion fiber 3b! at the front section of the negative dispersion fiber 3b. 

Afterwards, the WDM signal light is transmitted through NZ-DSF 3c which is 
inserted for the repair, and then travels through the negative dispersion fiber 3b 2 at the 
back section of the negative dispersion fiber 3b, and then enters another optical 
amplifier 4. 

When repairing the transmission line, the conditions in Figs. 6 (A), (B) and (C) 
must be considered. However, the use of the invention shown in any of one of Figs. 6 
(A), (B), and (C) brings about the effects described in (A), (B), and (C) below: 
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(A) Because the absolute value of the chromatic dispersion amount per unit of 
length of NZ-DSF 3c is small (- 2ps/nm/km), the dispersion management is affected 
minimally. Also, because of minimum change in the accumulated dispersion amount, 
the effect on the transmission characteristics could be reduced. 

(B) The mode field diameter of NZ-DSF 3c is in the space between the positive 
dispersion fibers 3a, 3a } and 3a 2 and the negative dispersion fibers 3b, 3b! and 3b 2 . 

Therefore, no matter which fiber is connected between the hybrid transmission 
line made up of positive dispersion fiber 3a and negative dispersion fiber 3b, the 
connection loss will not be excessively large and could be configured so that it is nearly 
the same. There is also little excessive degradation due to the type of non-linear effect 
that occurs when using the negative dispersion fiber 3b in the front section of the hybrid 
transmission line. 

(C) Because the spare fiber (NZ-DSF 3c) can be limited to a single type, there 
is no need to consider the directionality when preparing cables for repairs of leading 
lines or trailing lines, which will improve working efficiency. 

In this embodiment, the long wavelength or short wavelength sides adjoining the 
wavelength band of the optical signal wavelength transmitted, have zero dispersion 
values. Thus, NZ-DSF 3c, which has a smaller absolute value for the dispersion 
amount per unit of length in relation to the optical signal wavelength transmitted than 
the positive dispersion fiber 3a or the negative dispersion fiber 3b, is used. 

As an example, dispersion shift fiber (DSF) or a similar fiber could be used 
where the transmitted signal wavelength and the zero dispersion wavelength match. 

In considering the non-linear effect between the DSF transmission signal light 
wavelengths, it is possible that the use of NZ-DSF 3c would yield superior transmission 
characteristics. 

Fig. 7 is a diagram illustrating of a wavelength division multiplexing 
transmission system, according to an embodiment of the present invention. 
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Referring now to Fig. 7, the WDM transmission optical system is made up of 
the optical send station (OS) 1, the optical receive station (OR) 2, an optical fiber 
transmission line 5 for connecting the optical amplifier 4 connected to the shoreline 
section to the optical send station 1 and the optical receive station 2, the optical fiber 
transmission lines 3, and the optical amplifiers 4 arranged at the required intervals 
along the optical fiber transmission lines 3. 

The configuration of the optical send station 1 and the optical receive station 2 is 
the same as the configuration shown in Fig. 1. Here, the optical signal wavelength sent 
over the optical send station 1 is sent, for example, by multiple channels (i.e. 32- 
channels) between 1.530/nn and 1.610jum from optical send station 1. 

NZ-DSF is used in the relay section from the optical send station 1 to the first 
optical amplifier 4 and in the relay section from the last optical amplifier 4 to the 
optical receive station 2. A 1.3jiim zero dispersion SMF 3a having a positive chromatic 
dispersion value and positive dispersion slope could, for example, be used in the front 
section of the relay section and a dispersion compensation fiber 3b having a negative 
chromatic dispersion value and a negative dispersion slope could, for example, be used 
in the back section to make a hybrid transmission line. The dispersion of the hybrid 
transmission line could be offset using transmission lines having only 1.3/un zero 
dispersion SMF 3a. 

The WDM signal light sent from the optical send station 1 is transmitted 
through NZ-DSF (optical transmission line 5). Then, the WDM signal light is 
transmitted over several hybrid transmission lines made of 1.3/xm zero dispersion SMF 
3a and dispersion compensation fibers 3b and transmission lines having only 1.3/zm 
zero dispersion SMF 3a for offsetting the dispersion of those hybrid transmission lines. 

Afterwards, the WDM signal light is transmitted through the NZ-DSF (optical 
transmission line 5), and enters the receive station 2. 

The hybrid transmission line made up of the 1.3^m zero dispersion SMF 3a and 
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the dispersion compensation fiber 3b demonstrated excellent long distance transmission 
characteristics when compared with those of the NZ-DSF. However, since fibers with 
two types of mode field diameters having widely divergent chromatic dispersion per 
unit of length are used, the effect of the dispersion management or the section loss on 
the transmission system is significant when there is a trouble and fiber is removed or 
inserted. As a result, the degradation of the transmission characteristics becomes larger 
than the degradation of the NZ-DSF. 

NZ-DSF (optical transmission line 5) having a smaller chromatic dispersion 
value per unit of length is used in the relay sections from the optical send station 1 to 
the first optical amplifier 4 where the possibility of a trouble is high, and in the relay 
sections between the last optical amplifier 4 and optical receive station 2. 

When there is a trouble and fiber is removed or inserted, NZ-DSF (optical 
transmission line 5) has an absolute value for the chromatic dispersion amount per unit 
of length that is small such that the dispersion management will not be significantly 
affected. Also, since there will be little change in the accumulated dispersion amount, 
the effect on the transmission characteristics can be reduced. 

To prevent excessive connection loss when making repairs, the optical 
transmission line 5 does not use hybrid transmission line multiple types of fibers. 
Here, the fibers shown in Table 1 above, could, for example, be used for the positive 
dispersion fiber 3a, negative dispersion fiber 3b and NZ-DSF. 

Also, as in the embodiment described in Fig. 6, as long as the fiber is an optical 
fiber with an absolute value for the dispersion amount per unit of length, in relation to 
the optical signal wavelength, smaller than that of the positive dispersion fiber 3a or the 
negative dispersion fiber 3b, it may be used in the first section and last section instead 
of NZ-DSF 3c. 

The configuration of Fig. 7 may use the same configuration of Fig. 6 when a 
trouble occurs. 
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Fig. 8 is a diagram illustrating of a wavelength division multiplexing 
transmission system, according to an embodiment of the present invention. 

Referring now to Fig. 8, the WDM transmission optical system includes the 
optical send station (OS) 1, the optical receive station (OR) 2, the optical transmission 
line 5 connecting to the optical send station 1 and the optical receive station 2, the 
optical amplifiers 4 placed in water at depths of 1000 meters or less, and the optical 
transmission line 3 connecting the optical amplifiers 4 placed in water at depths of 1000 
meters or more at the required intervals. 

The NZ-DSF is used in the sections of the optical transmission line 5 placed in 
the water at depths of 1000 meters or less. In the sections placed in depths of water 
1000 meters or more, a 1.3/un zero dispersion SMF 3a having a positive chromatic 
dispersion value and a positive display slope could, for example, be used in the first 
half and a display compensating fiber 3b having a negative display slope and a negative 
chromatic dispersion value could, for example, be used in the second half to make a 
hybrid transmission. The dispersion of the hybrid transmission line could also be offset 
by the 1.3/xm zero dispersion SMF 3a. 

The optical signal sent from the optical send station 1 is transmitted through the 
NZ-DSF (optical transmission line 5), in the many relay sections where the optical 
amplifier 4 is placed in the water at depths of 1000 meters or less. 

In the relay sections having optical amplifier 4 placed in the water at depths of 
1000 meters or more, the optical signal is transmitted over several hybrid transmission 
lines made of 1.3)um zero dispersion SMF 3a, the dispersion compensation fiber 3b, 
and the transmission lines having only 1.3/un zero dispersion SMF 3a that offsets the 
dispersion of those hybrid transmission lines. 

Afterwards, in the several relay sections containing optical amplifiers 4 arranged 
in the water at depths of 1000 meters or less, the optical signal is transmitted over the 
NZ-DSF (optical transmission line 5), and enters the receive side. 
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The transmission characteristics of the hybrid transmission line made of the 
1.3/xm zero dispersion SMF 3a and the dispersion compensation fiber 3b were excellent 
compared to those of the NZ-DSF. 

However, since fibers were used that have two types of mode field diameters 
having very different chromatic dispersions per unit of length, there is a considerable 
effect on the transmission system pertaining to dispersion management and section loss 
when there is a trouble and fiber is either removed or installed. As a result, the 
degradation of the transmission characteristics is greater than the degradation of the 
NZ-DSF. 

For these reasons, in relay sections having optical amplifiers 4 arranged in water 
at depths of 1000 meters or less and the possibility of a trouble is high, NZ-DSF 
(optical transmission line 5) which has a small chromatic dispersion value per unit of 
length is used. 

NZ-DSF (optical transmission line 5) has a small absolute value for the 
wavelength dispersion amount per unit of length. As a result, when there is a trouble 
and fiber is removed or inserted, the effect on the dispersion management is bad and the 
change in the accumulated dispersion amount is small. Thus, the effect on the 
transmission characteristics can be kept small. 

Also, to prevent excessive connection loss when making repairs, the optical 
transmission line 5 does not use multiple types of fiber. Here, the fibers shown in 
Table 1 could, for example, be used for the positive dispersion fiber 3a, negative 
dispersion fiber 3b, and NZ-DSF. 

Also, as in the embodiment described in Fig. 6, as long as an optical fiber for 
which the absolute value of the amount of dispersion per unit of length, in relation to 
the transmitted optical signal wavelength, is smaller than that of the positive dispersion 
fiber 3a or the negative dispersion fiber 3b, it could be used instead of NZ-DSF 3c in 
sections of water at depths of 1000 meters or less. 
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The configuration of Fig. 8 may use the same configuration of Fig. 6 when a 
trouble occurs. 

In Fig. 8, the transmission section is in water at a depth of 1000 m or less, but 
only exists in the optical send station 1 and the optical receive station 2. If there are 
transmission sections that are in water at depths of 1000 meters or less in the central 
sections between terminal stations, an optical fiber for which the absolute value of the 
dispersion amount per unit of length, in relation to the optical signal wavelength 
transmitted, is smaller than that of the positive dispersion fiber 3a or the negative 
dispersion fiber 3b may be used. 

Figs. 9, 10, and 11 are diagrams illustrating of a wavelength division 
multiplexing transmission system, according to an embodiment of the present invention. 

Fig. 9 shows a gain equalizer 6 which equalizes the gain of the optical amplifier 
4. Fig. 10 shows a dispersion compensator 7 for offsetting the chromatic dispersion. 
Fig. 11 shows an optical add/drop multiplexer 8 for dividing signal light from the main 
line and inserting signal light into the main line and in particular, the vicinity of the 
section including those devices. 

The WDM signal light is amplified by the optical amplifiers 4 at specific 
intervals. It is then transmitted through several hybrid transmission lines made of the 
1.3/mi zero dispersion SMF 3a and the dispersion compensating fiber 3b. The WDM 
signal light passes between the relay sections including either the gain equalizer 6, the 
dispersion compensator 7, or the optical add/drop multiplexer 8. Afterwards, the 
WDM signal light is transmitted once again through several hybrid transmission lines 
made of the 1.3/un zero dispersion SMF 3a and the dispersion compensating fiber 3b. 

NZ-DSF (optical transmission line 5) is mounted onto both ends of the optical 
transmission line connecting to the optical amplifier 4 in the relay section including the 
gain equalizer 6, the dispersion compensator 7, or the optical add/drop multiplexer 8. 
Each of the devices are mounted in the center. Because the devices generate losses, the 
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length of the optical fiber in the sections including them are shortened. 

When using a hybrid transmission line made of a 1.3/zm zero dispersion SMF 3a 
and a dispersion compensation fiber 3b in the section including the gain equalizer 6, the 
dispersion compensator 7, or the optical add/drop multiplexer 8, the following occurs: 
If the length of the section is reduced, the effect of the transmission characteristics of 
the hybrid transmission line will be decreased and the benefits of using a hybrid 
transmission line including a 1.3/*m zero dispersion SMF 3a and a dispersion 
compensation fiber 3b are negligible. 

Other disadvantages involve the need to control the average dispersion by 
adjusting the length ratio of the hybrid transmission line, and the misalignment or 
excessive connection loss from the dispersion management when repairing the 
transmission lines. 

Therefore, by using NZ-DSF (optical transmission line 5) as the fiber used in 
the sections including the gain equalizer 6, the dispersion compensator 7, or the optical 
add/drop multiplexer 8, it is possible to control the excessive degradation of the 
transmission characteristics when repairing the transmission line. Here, the fibers 
shown in Table 1 could, for example, be used for the positive dispersion fiber 3a, 
negative dispersion fiber 3b, and NZ-DSF. 

Also, as in the embodiment described in Fig. 6, as long as the optical fiber for 
which the absolute value of the amount of dispersion per unit of length, in relation to 
the transmitted optical signal wavelength, is smaller than that of the positive dispersion 
fiber 3a or the negative dispersion fiber 3b, it may be used in place of NZ-DSF 3c. 

Figs. 12 (A), 12 (B), 12 (C), and 12 (D) are diagrams illustrating a 
configuration of devices, according to an embodiment of the present invention. 

Referring now to Figs. 12(A) - (D), examples of NZ-DSF (optical transmission 
line 5) are shown where NZ-DSF is used as the fiber of the input/output section of an 
embodiment including (A) a spare optical amplifier 4', (B) a gain equalizer 6', (C) a 
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dispersion compensator T and (D) an optical add/drop multiplexer 8' . 

Because the absolute value of the chromatic dispersion amount per unit of length 
for the optical transmission line 5 is used, the dispersion management will not be 
greatly diminished and the change in the accumulated dispersion amount will remain 
small such that the effect on the transmission characteristics can be kept low. 

The mode field diameter of the optical transmission line 5 is between the 
positive dispersion fiber 3a and the negative dispersion fiber 3b. For this reason, no 
fiber that is between the hybrid transmission line section including the positive 
dispersion fiber 3a and the negative dispersion fiber 3b would have excessive 
connection loss. Thus, there is little excessive connection losses when using NZ-DSF 
(optical transmission line 5) on both ends of a section including a gain equalizer 6, 
dispersion compensator 7, or an optical add/drop multiplexer 8 like those shown Fig. 9, 
10, and 11. 

Furthermore, in order to reduce the degradation of transmission characteristics 
caused by chromatic dispersion, it is effective to a) insert into the optical send station 1 
or optical receive station 2, a blanket chromatic dispersion compensator that is either 
fixed or variable and b) insert a variable dispersion compensator 9 into the transmission 
section. Here, the fiber in Table 1 may be used for the NZ-DSF. 

Also, as in the embodiment described in Fig. 6, as long as an optical fiber for 
which the absolute value of the amount of dispersion per unit of length, in relation to 
the transmitted optical signal wavelength, is smaller than that of the positive dispersion 
fiber 3a or the negative dispersion fiber 3b, it may be used in place of NZ-DSF 3c. 

Fig. 13 is a diagram illustrating a configuration of a wavelength division 
multiplexing transmission system where a lumped dispersion compensator has been 
installed in the send station and the receive station, according to an embodiment of the 
present invention. 

The wavelength division multiplexing transmission system in Fig. 13 can 
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include, for example, an optical send station (OS) 1, optical receive station (OR) 2, an 
optical fiber transmission line 3 connected between the optical send station 1 and optical 
receive station 2, and several optical amplifiers 4 arranged at the required intervals 
along the optical fiber transmission line 3. 

The optical send station 1 has many optical send devices (E/O) 1A for 
outputting the respective optical signals of different wavelengths, the wavelength 
multiplexer device IB for multiplexing the wavelengths of the optical signals, and the 
optical amplifiers ID for amplifying the WDM signal from the wavelength multiplexer 
device IB to a specific level and outputting the signal to a lumped dispersion 
compensator IE. The lumped dispersion compensator IE offsets in advance, the 
accumulated chromatic dispersion generated in the transmission lines for all 
wavelengths in a bundle. The optical send station 1 also includes a post amp 1C that 
amplifies to the required level, the WDM signal light from the lumped dispersion 
compensator IE and outputs the WDM signal light to the optical fiber transmission line 
3. 

The optical receive station 2 has a pre-amp 2C that amplifies the WDM signal 
light from the wavelength bands transmitted through the optical transmission lines 3 to 
the required level, a lumped dispersion compensator 2E that offsets in a bundle, the 
accumulated chromatic dispersion generated in the transmission lines for all 
wavelengths of the WDM signal light output from the pre-amp 2C, and the optical 
amplifier 2D that amplifies to a specific level, the output from the lumped dispersion 
compensator 2E. The optical receive station 2 has the wavelength demultiplexer 2B 
that divides the WDM signal light output from the optical amplifier 2D and divides it 
into many optical signals according to wavelength. Also, the optical receive station 2 
has several optical receivers (O/E) 2A for performing the respective receive processes 
on the many optical signals. 

When misalignment of the accumulated chromatic dispersion occurs during the 
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repairing of the transmission lines, the accumulated dispersion misalignment can be 
reduced by changing the chromatic dispersion compensation amount of the lumped 
dispersion compensators IE and 2E in the optical send station 1 and the optical receive 
station 2, respectively, for the purpose of offsetting the chromatic dispersion 
misalignment that occurs. This makes it possible to control degradation of the 
transmission characteristics. 

Fig. 14 is a diagram illustrating a configuration of a wavelength division 
multiplexing transmission system where a variable dispersion compensator has been 
installed in the transmission section, according to an embodiment of the present 
invention. 

The WDM transmission optical system in Fig. 14 can include, for example, the 
optical send station (OS) 1, the optical receive station (OR) 2, and the optical fiber 
transmission line 3 connecting the optical send station 1 and optical receive station 2. 
Also, it could contain many optical amplifiers 4 arranged at specific intervals along the 
optical fiber transmission lines 3, a variable dispersion compensator 9, and an optical 
transmission line 5 used in the section into which the variable dispersion compensator 1 
has been inserted. 

The configuration of the optical send station 1 and the optical receive station 2 is 
the same as for Fig. 1 above. It is also configured with a blanket dispersion 
compensator (IE, 2E) inserted into the optical send station 1 and optical receive station 
2 as in Fig. 13. 

The WDM signal light sent from the optical send station 1 is amplified in the 
amplifiers 4 at specific intervals and transmitted through the optical fiber transmission 
line 3. In sections including a variable dispersion compensator 9, the signal passes 
through the optical transmission line 5, travels to the variable dispersion compensator 9 
and is transmitted through the optical transmission line 5. Afterwards, the signal is 
once again amplified by the optical amplifiers 4 at specific intervals, transmitted to the 
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optical fiber transmission line 3. The signal travels through the optical transmission 
line 5, passes through another section including the variable dispersion compensator 9, 
and after being transmitted through the optical transmission line 5, amplified by the 
optical amplifiers 4 at specific intervals. Then, the signal is transmitted on to the 
optical fiber transmission line 3 and received by the optical receive station 2. 

When repairing a transmission line having an accumulated wavelength 
dispersion misalignment, the accumulated dispersion misalignment can be reduced by 
changing the amount of wavelength dispersion compensation from the variable 
dispersion compensator 9. The variable dispersion compensator 9 is for offsetting the 
wavelength dispersion misalignment that occurs. This configuration may be used alone 
without combining with the configuration of Fig. 13. 

Fig. 15 is a diagram illustrating a configuration of a variable dispersion 
compensator, according to an embodiment of the present invention. 

Referring now to Fig. 15, the variable dispersion compensator 9 includes two 
optical switches 9 A and 9B, n positive dispersion fibers 9D, n negative dispersion 
fibers 9E, and 2n+l optical attenuators (OPT ATT) 9C. 

Several quantities of a positive dispersion fiber 9D and a negative dispersion 
fiber 9E should be prepared in steps. By using an optical attenuator 9C, the losses at 
all ports can be adjusted to be equivalent in advance. 

A signal light enters the optical switch 9A. When the signal light enters the 
optical switch 9A, some positive dispersion is generated in relation to the signal light in 
the port where the positive dispersion fiber 9D has been installed and negative 
dispersion will be generated in the port where the negative dispersion fiber 9E has been 
installed. Thus, by selecting the ports of the optical switches 9 A and 9B, it is possible 
to change the amount of dispersion compensation. 

After transmission through each port, the signal light once again enters the 
optical switch 9B and is transmitted through the optical transmission line. 
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Fig. 16 (A) and 16 (B) are diagrams illustrating transmission line repair in a 
wavelength division multiplexing transmission system, according to an embodiment of 
the present invention. In Figs. 16 (A) and (B), transmission line repair is not done by 
replacing only the fiber that has trouble. Instead, transmission line repair replaces all 
fibers, or all fibers and all optical amplifiers, in the repeater span where the cable 
repair occurs. 

The positive dispersion fiber 3a and the negative dispersion fiber 3b in the 
repeater span where the cable repair occurs are replaced by the spare positive 
dispersion fiber 3a' and the spare negative dispersion fiber 3b'. NZ-DSF 5, which has 
a smaller dispersion absolute value than the positive dispersion fiber and the negative 
dispersion fiber, is used as the additional fiber, which is inserted for the repair. The 
positions where NZ-DSF 5 are inserted along the transmission line are not limited to 
those positions as shown, for example, in Figs. 16 (A) and (B). 

Referring now to Fig. 16 (A), the WDM signal light is amplified to the required 
level in an optical amplifier 4. Afterwards, the signal light travels through spare 
positive dispersion fiber 3a', spare negative dispersion fiber 3b', NZ-DSF 5, and then 
enters another optical amplifier 4. 

Referring now to Fig. 16 (B), the WDM signal light is amplified to the required 
level in an optical amplifier 4. Afterwards, the signal light travels through NZ-DSF 5, 
spare positive dispersion fiber 3a', spare negative dispersion fiber 3b', another NZ- 
DSF 5, and then enters another optical amplifier 4. 

Fig. 17 (A) and 17 (B) are diagrams illustrating transmission line repair in a 
wavelength division multiplexing transmission system, according to an embodiment of 
the present invention. In Figs. 17 (A) and (B), transmission line repair is not done by 
replacing only the fiber that has trouble. Instead, transmission line repair replaces all 
fibers, or all fibers and all optical amplifiers, in the repeater span where the cable 
repair occurs. 
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The positive dispersion fiber 3a, the negative dispersion fiber 3b, and the optical 
amplifier 4 in the repeater span where the cable repair occurs are replaced by the spare 
positive dispersion fiber 3a', the spare negative dispersion fiber 3b' and the optical 
amplifier 4' . NZ-DSF 5, which has a smaller dispersion absolute value than the 
positive dispersion fiber and the negative dispersion fiber, is used as the additional fiber 
which is inserted for the repair. The positions where NZ-DSF 5 are inserted along the 
transmission line are not limited to those positions as shown, for example, in Figs. 17 
(A) and (B). 

Referring now to Fig. 17 (A), the WDM signal light travels through NZ-DSF 5 
and enters an optical amplifier 4' where it is amplified to the required level. 
Afterwards, the signal light travels through positive dispersion fiber 3a', spare negative 
dispersion fiber 3b' and then, enters another optical amplifier 4'. 

Referring now to Fig. 17 (B), the WDM signal light travels through NZ-DSF 5 
and enters an optical amplifier 4' where it is amplified to the required level. 
Afterwards, the signal light travels through positive dispersion fiber 3a', spare negative 
dispersion fiber 3b' and enters another optical amplifier 4 ! . Then, the signal light 
travels through another NZ-DSF 5. 

Various examples are described herein where a specific number of channels or 
wavelengths are used, and specific wavelengths are used. However, the present 
invention is not limited to these specific number of channels or wavelengths, or these 
specific wavelengths. 

Although a few preferred embodiments of the present invention have been 
shown and described, it would be appreciated by those skilled in the art that changes 
may be made in these embodiments without departing from the principles and spirit of 
the invention, the scope of which is defined in the claims and their equivalents. 
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